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Abstract
Summary In this large population-based study, fracture
rates for hips, distal forearms, proximal humeri, and ankles
were higher in winter than in other seasons, although the
winter peak was small for hip fractures (p<0.05 at all sites).
Younger age between 65 and 80, living in warmer states
and male gender were associated with increased winter
morbidity due to fractures.
Introduction The objective was to investigate seasonal
variation in the incidence of four common fractures, and
explore the association of weather with risk.
Methods Population-based analysis of individuals age 65 and
older, including fractures of the hip, the distal forearm, the
proximal humerus and the ankle. Weather information was
obtained from the US National Oceanic and Atmospheric
Administration website.
Results For all fractures, rates were highest in winter and
lowest in summer (p<0.05 at all sites). Winter peaks were
more pronounced in warm climate states, in men, and in those
younger than 80 years old. In winter, total snowfall was
associated with a reduced risk of hip fracture (−5% per
20 inches) but an increased risk of non-hip fractures (6–12%;
p<0.05 at all sites). In summer, hip fracture risk tended to be
lower during sunny weather (− 3% per 2 weeks of sunny days;
p=0.13), while other fractures were increased (15%–20%;
p<0.05) in sunny weather.
Conclusion Fractures contribute considerably to winter
morbidity in older individuals. Younger age between 65
and 80, living in warmer states and male gender are risk
factors for increased winter morbidity due to fractures.
Weather affects hip fracture risk differently than the other
fractures studied.
Keywords Elderly . Fracture risk . Race/ethnicity .
Seasonality .Weather
Introduction
Excess winter morbidity and mortality continue to be
important public health problems, especially among older
persons [1–3]. In addition to clear seasonal variations in
respiratory [2–5] and cardiovascular diseases [6], fractures
of the hip [7–13] and distal forearm [14] contribute to high
winter morbidity rates in older persons.
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Some studies indicate that falls due to snow and ice may
play an important role in seasonality of fractures [8, 9]. This
may explain an “epidemic” of distal forearm fractures
documented during ice storms [15]. Thus, one cause of the
increased fracture risk in winter compared to summer may
be that older persons are more likely to slip and fall during
periods of snow and ice [15]. These factors may be
particularly important for fracture types that tend to occur
out-of-doors in active older persons [16–18]. Hip fractures,
which mostly occur indoors [19–21], may be less affected by
snow and ice. However, hip fracture risk may be indirectly
influenced by cold weather, since some studies suggest that
susceptibility to falls and injury in older individuals increases
with hypothermia [19, 22]. In addition, independent of
temperature, decreased vitamin D levels in winter may
contribute to muscle weakness [23], falls [24, 25] and bone
fragility [26, 27].
Little else is known about the impact of seasonality on
fracture risk, in particular whether seasonal patterns differ by
fracture types, age, gender or latitude. Furthermore the
associations between fracture risk and weather factors such as
temperature and snowfall are not well defined. To clarify these
issues, we studied seasonality patterns of four common fracture
types and evaluated whether these patterns differs by age (65–
80 or older), warm and cold climate states in the US, and three
weather variables (snowfall, sunshine and temperature).
Methods
As previously described [28, 29], fractures were studied
using data from the standard 5% sample of the US
Medicare population, investigating beneficiaries over age
65 and residing in the 50 U.S. states during the four years
July 1, 1986–June 30, 1990. This sample is based on
random selection of the terminal digits of the Health
Insurance Claim Number of individuals eligible for Medi-
care benefits [30]. The Medicare program covers the vast
majority of elderly Americans. In 1985, just before the
beginning of our study period, the Medicare population
included about 96% of the US population over age 65 [30].
Thus results of our 5% sample generalize well to the
population age 65 and older residing in the US. Data
extracted from Medicare claims were used to identify those
who had a fracture of interest. Only individuals who were
enrolled in both basic Medicare (Part A: Hospital), and
supplementary coverage (Part B: Physician Charges) were
included so that both sources of information could be used
to identify fracture occurrence. Since enrollees in Health
Maintenance Organizations (HMO’s) and those eligible for
Medicare because of entitlement to Railroad benefits often
have incomplete claims histories, those beneficiaries were
also omitted. We used Medicare data in the period 1986–
1990, when only about 4–5% of Medicare recipients aged
65+ were in an HMO [30, 31].
We sought evidence of fractures using coded diagnoses
and procedures on claims in the Medicare Provider
Analysis and Review (MEDPAR) file, the Part B Medicare
Annual Data system beneficiary (BMAD) file for physician
claims, and the outpatient file for emergency room and
clinic claims. We studied two upper extremity fractures
(proximal humerus and distal forearm), and two lower
extremity fractures (hip and ankle). Cases with evidence of
bone cancer or prior fracture at a given site were excluded.
The claims-based algorithms for the dating and identifi-
cation of fractures have been described elsewhere [28]. For
hip fractures, for example, we accepted a case if either (1) a
hospital discharge diagnosis of hip fracture was present
(International Classification of Diseases, 9th version
(ICD9-CM), diagnosis code 820–820.9), or (2) a physician
claim was present that specifically indicated treatment of a
hip fracture (Current Procedure Terminology, version 4
(CPT-4), code range 27230–27248) with confirmation by
either (a) hospital discharge coding for an appropriate
surgical procedure, or (b) at least one other physician claim
for a procedure appropriate to hip fracture repair dated
within 2 days of the specific claim.
We obtained demographic data regarding Medicare
enrollees from the Medicare denominator file; available
data included age, race/ethnicity and gender. These data
permitted monthly counts of the number of individuals in
each state at risk for a fracture within substrata of age
(5 year age groups between 65 and 89; 90+), gender (male,
female), and race/ethnicity (white, black, other and un-
known). Weather information by calendar month over 30 to
50 years (depending on the weather station) was obtained
from the National Oceanic and Atmospheric Administration
website (http://www.noaa.gov). Available data included: (1)
snowfall at 275 weather stations (2) sunshine (number of
sunny days) at 292 stations, and (3), and mean daily
temperature at 283 weather stations. Larger states with the
potential for climatic variability were represented with a
greater number of weather stations. For example, Vermont
and Maryland had only one weather station each, while
California had 15, Texas had 20, and Alaska had 22. We
used the means of these monthly data points per state over
the maximum observation period for each station.
We defined winter as December, January and February;
spring as March, April and May; summer as June, July and
August; and fall as September, October and November. For
each state and month, we averaged data from all weather
stations and computed seasonal totals (for snowfall and
sunny days) or seasonal means (for temperature). Since
findings were similar if weather variables in the capital city
or the mean of all weather stations in a given state were
used, we present only the latter. We assumed individuals
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were exposed to the weather in their states of residence,
even if the fracture was treated in a different state. In a
sensitivity analysis, we also considered hip fracture
associations among individuals in which the treating
hospital was in the same state as the residence. Those were
similar to the overall findings and are not presented here.
Statistical analysis
We used Poisson regression to study the associations of
season and weather variables with fracture risk by state, by
computing rate ratios and 95% confidence intervals (CIs).
These analyses were based on fracture rates (by age, sex,
race/ethnicity, state) for each season. The numerators of the
rates were the sum over the four study years of the number
of fractures of a particular type occurring during a given
season among individuals in a particular age/sex/race
stratum. The denominators were the sums of the
corresponding populations over the four years of the study.
All regression models included season, age, sex and race/
ethnicity. We used as a basic measure of seasonal variation
the ratio of fracture rates in winter to those in summer,
derived from models that included all four seasons.
In addition to overall analyses, we also evaluated fracture
risk among subgroups of the population, including those
defined by gender and age (younger persons aged 65–79 and
older persons 80+). We were particularly interested in
assessing whether seasonal patterns would be accentuated
among the relatively frail population (women and those aged
80+) because of its susceptibility to trauma, or whether these
patterns would be diminished among this group (perhaps
because of avoidance of outside activities during inclement
weather). Similarly, we investigated whether the seasonal
variation was more pronounced in “cold” states (which we
took to be New England, New Jersey, New York, Pennsylva-
nia, Illinois, Indiana, Michigan, Ohio, Wisconsin, Minnesota,
North Dakota, South Dakota, Idaho, Montana, Wyoming and
Alaska) or in “warm” states (Hawaii, California, Oregon,
Washington, Arizona, New Mexico, Florida, Georgia, Ala-
bama, Mississippi and Louisiana).
A 5% significance level was maintained throughout these
analyses. Interactions between season or weather variables
and winter-summer swings of hip and non-vertebral fractures,
and warm versus cold states, and demographic factors
(gender, age, and race) were explored by product interaction
terms and Wald tests. Data were analyzed using SAS©
(Version 8.0).
Results
A total 69,857 fracture cases were identified: 35,007 at the
hip, 16,622 at the distal forearm, 9,708 at the proximal
humerus, and 8,520 at the ankle. For each fracture, women
comprised the majority of the affected population (78.4–
88.4%) (Table 1). Similarly, white race was most prevalent
at all fracture sites (92.6% to 95.9%). Fracture risk by
gender, age, and race for this national data-set has been
described in more detail previously [31–33].
Seasonal variation
There were significant seasonal variations in fracture risk at
all four sites, as shown in Fig. 1 and Table 2. Each of the
fractures was significantly more frequent in winter than in
any other season, especially summer. Hip fracture had a
smaller winter/summer difference than the other three
fracture types (8% versus about 20%; p<0.01 for each
comparison).
Both warm and cold climate states had winter peaks for
each of the fractures studied (Fig. 2). For hip fracture, the
seasonal differences between winter and summer were
similar in the two groups of states. However, for fractures
of the ankle, the winter/summer variation was significantly
larger in warm climate states than in colder states (p=0.004).
For fractures of the proximal humerus and distal forearm, the
winter summer variation was also greater in warm states, but
the differences were compatible with chance.
There was no suggestion that the “frail” population groups
had particularly large seasonal variations. In fact, the opposite
was the case. Winter peaks were higher in men than in women
at all studied fracture sites, particularly for the distal forearm.
The winter-summer variation in rates was also higher in
Medicare beneficiaries younger than 80 years old than among
those who were older. Also, for most fractures, winter peaks
appeared to be more pronounced in black individuals than
among whites. (see Table 3 for winter/summer relative
fracture risks by subgroups of the population).
Weather
Analyses of the association between weather variables and
fracture risk within winter and summer seasons are
illustrated in Fig. 3a–c.
In winter, hip fractures showed weather associations that
were distinctly different from those for the other fractures.
Local snowfall tended to be associated with a decreased
risk of hip fracture, but an increased risk of the other
fractures. The RR of hip fracture per 20 inches of annual
snowfall was 0.95 [95% CI 0.91–0.99], but the RR’s for
fractures of the distal forearm, proximal humerus and ankle
were significantly elevated (Fig. 3a). Mean winter temper-
atures were not related to fracture risk at the hip and
proximal humerus, while higher winter temperatures were
inversely related to risk for the distal forearm (RR per 10
degrees Fahrenheit=0.95 [95% CI 0.92–0.99]) and the
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ankle (RR per 10 degrees Fahrenheit=0.87 [95% CI 0.83–
0.92]) (Fig. 3b). Winter sunshine was not significantly
associated with fracture risk at any fracture site (Fig. 3c).
Contrasts in weather associations between hip and the
other fracture sites were also seen during the summer. Hip
fracture risks were highest in hotter locations (RR per 10
degrees Fahrenheit=1.07 [95% CI 1.02–1.12]), but higher
regional temperatures were associated with a significant
decrease in risk of ankle fracture (RR per 10 degrees
Fahrenheit=0.91 [95% CI 0.83–0.996]; Fig. 3b). Hip
fracture risk tended to be lower in areas with sunny
summer weather (RR per 14 sunny days=0.97 (95% CI
0.94–1.01), but for the other fractures we studied,
sunshine exposure was associated with an increased
fracture risk (Fig. 3c).
In spring and fall (not displayed in Figures), sunshine
showed associations with fracture risk that were broadly
similar to those in summer and winter, with a clear
contrast between hip fractures and the others. For
example, hip fracture risks were lowest during sunny fall
weather (RR per 14 sunny fall days=0.94 (95% CI 0.90–
0.99); while the RR’s for the other fractures were between
1.1 and 1.3 (CI’s per 14 sunny days excluded “1” at all
sites).
Discussion
In this large population- based study, fracture rates for all
the sites studied were higher in winter than in other seasons,
Table 1 Demographic characteristics of fracture patients, by fracture site
Hip Distal forearm Proximal humerus Ankle
N=35,007 N=16,622 N=9,708 N=8,520
N % N % N % N %
Females 27,596 78.8% 14,686 88.4% 8,170 84.2% 6,676 78.4%
White race 33,215 94.9% 15,881 95.5% 9,305 95.9% 7,893 92.6%
Fractures in winter (all states) 9,177 26.2% 4,737 28.5% 2,635 27.1% 2,438 28.6%
Fractures in summer (all states) 8,440 24.1% 3,964 23.9% 2,192 22.6% 2,000 23.5%
Age (years) 65–69 2,482 7.1% 3,787 22.8% 1,563 16.1% 2,742 32.2%
Age (years) 70–74 4,284 12.2% 3,698 22.2% 1,870 19.3% 2,210 25.9%
Age (years) 75–79 6,891 19.7% 3,603 21.7% 2,071 21.3% 1,638 19.2%
Age (years) 80–84 8,322 23.8% 2,879 17.3% 2,053 21.2% 1,035 12.2%
Age (years) 85–89 7,641 21.8% 1,743 10.5% 1,385 14.3% 567 6.7%
Age (years) 90–99+ 5,387 15.4% 912 5.5% 766 7.7% 328 3.8%
0.8
0.9
1
1.1
1.2
1.3
summer fall winter spring
Season
R
R
Hip 
Distal forearm
Proximal humerus
Ankle
Fig. 1 Relative risks of frac-
tures, by season. Analysis is
adjusted for gender, age and
race/ethnicity. For all sites, frac-
ture risk in winter was signifi-
cantly higher than in each of the
other seasons (95% CI excluded
1 for the comparison of each
season with winter)
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although the winter peak was small for hip fractures. This
seasonal pattern was most evident in “warm” states that are
only minimally affected by ice and snow. Hip fracture had
strikingly different associations with weather than fractures
of the distal forearm, proximal humerus, and ankle. For
example, regional snowfall and summer sunshine were
inversely related to hip fracture risk, but associated with
higher rates of the other fractures.
In agreement with our finding, most previous studies
have reported a winter peak in hip fracture incidence [7–
13, 34–37], and a few studies have described a similar
pattern for fractures of the distal forearm [9, 14] and the
arm [8]. Our results extend this seasonal pattern to the
proximal humerus and ankle, and show that hip fractures
have a lower seasonal variation than the other fractures we
studied.
Meteorological patterns and fracture risk have been
explored by several authors [7, 11, 15, 34, 37], although
these studies were largely limited to hip fracture. In contrast
to our findings, one study from Sydney, Australia found
mean daily temperature to be inversely related to hip
fracture risk [11], and other studies reported increased risks
of hip fracture with snowy/icy weather [7, 8, 15, 34].
However, in two of these studies [7, 34], the association
was essentially limited to younger women or men- groups
that comprised only a minority of our fractures [34]. The
third study compared 4 days during severe ice storm
conditions with four control days with comparable hours
of sunshine, an approach which may not be generalizable to
normal snow conditions [15]. Corroborating our results on
a geographic level are findings indicating a distinct North-
South gradient in hip fracture risk, with lower rates in the
North of the US, where colder weather is more common
[29, 38].
It is not entirely clear why hip fracture showed such
strikingly different weather and season associations than
the other fractures we studied. However, one plausible
explanation may be found in the circumstances sur-
rounding these fractures. Hip fractures tend to occur
indoors among relatively frail individuals [19–21], while
the others tend to occur among more active individuals
who are correspondingly more likely to be outdoors [16–
18]. Clearly, weather would affect the latter group
differently than the former [19]. It is likely, for example,
that active individuals would expose themselves to
adverse weather conditions more readily than their more
frail counterparts, thus increasing their risks of ice- and
snow-related falls.
A possible corroboration of this hypothesis is suggested
by our subgroup analyses, in which individuals who are
more likely to be frail and less active (women and
individuals aged 80 years and older), had a smaller
winter/summer difference in hip fracture risk than the
more robust population groups. In fact, two previous
studies show that engaging in physical activity more
Table 2 Winter/summer relative risks, by fracture type
Fracture site # of Fractures RR (95% CI)
Hip 35,007 1.08 (1.05–1.12)
Distal forearm 16,622 1.19 (1.14–1.24)
Proximal humerus 9,708 1.20 (1.14–1.27)
Ankle 8,520 1.22 (1.15–1.29)
RRs are based on Poisson regression models. The model for each
fracture site included gender, age, race/ethnicity.
0.8
0.9
1.0
1.1
1.2
1.3
1.4
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Cold states Warm states 
Hip fx Distal forearm fx Proximal humerus fx Ankle fx
p = 0.41 p = 0.22 p = 0.19 p = 0.004 
Fig. 2 Winter/summer relative
risks in warm and cold climate
states in the US. RRs are based
on Poisson regression models
adjusted for age, gender and
race/ethnicity
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frequently, as expected in the more robust population
groups, may increase an older person’s opportunity to fall
[39, 40].
The protective association of sunshine with risk of hip
fracture in the summer and fall may be due to the higher
serum concentrations of 25-hydroxyvitamin D associated
with sun exposure [41, 42]. Improved vitamin D status
through supplementation with vitamin D may reduce the
risk of falls [25], improve bone mineral density [43] and
reduce risk of fractures [26, 27, 43] in older individuals.
On the other hand, for the fractures outside the hip, an
incremental gain in vitamin D from sunlight exposure
may be out-weighed by the increased risk associated with
out-door activities in more active older persons in sunny
weather. In the winter, the lack of association between
sunshine pattern and risk of fractures at all studied
fracture sites may be explained by the lower effective-
ness of winter sunshine in substantially increasing 25-
hydroxyvitamin D levels in comparison to summer sun
[44, 45].
The strengths of our study are its population-based
design and the inclusion of fractures of the hip and other
sites. The large sample size provided sufficient power for
stratification by gender, age group and warm and cold
climate states. The weather data stem from a large national
weather website that we were able to integrate with our
fracture data by state. In addition, we were able to adjust
the analyses for important demographic variables and
determinants of fracture risk, including gender, age and
race/ethnicity.
An advantage of using earlier Medicare data for these
analyses is that in the period 1986–1990, only about 4–5%
of Medicare recipients aged 65+ were in an HMO. By
2000, this proportion had grown to approximately 19%,
with much higher penetration in some states, especially in
the West [46]. Since it is necessary to exclude Medicare
beneficiaries enrolled in HMOs in analyses such as
ours, this level of HMO penetration would have limited
the generalizability of analyses conducted with later
data.
There are also potential limitations to our study. Our
case definitions depended critically on the validity of
Medicare claims data, which may not be entirely accurate.
However, Medicare data have high validity both for hip
fracture [47, 48] and other fractures [47]. Misclassification
of exposure data is also a possibility. The sunshine,
temperature, and snowfall data we used were state
averages and might not have represented the actual
experience of individuals living in areas with more
extreme weather. Such misclassification would likely be
random and thus bias our results towards the null.
Furthermore, we found very similar results if our analyses
were restricted to weather information from the capital
cities. Finally, the fracture cases in our study were largely
white and female, and our findings pertain most directly to
this fracture-prone group. However, we found that winter
incidence peaks are present also in men and black
individuals, and for some fracture sites the winter peaks
were even more pronounced in these subgroups of the
population.
In summary, we show that fractures at the hip, distal
forearm, proximal humerus and ankle contribute consider-
ably to winter morbidity in older individuals. However, the
degree of seasonality of fracture risk is smaller for hip
fractures than for the non-hip fractures. Still, the observed
marked winter peak of both hip and non-hip fractures
suggests that minimizing environmental hazards in the
winter may be particularly important from a public health
point of view. Preventive efforts should extend to individ-
uals living in warm climate states, as their winter fracture
risk is not reduced compared to summer, or- for non-hip
fractures- may even be more pronounced. Men, and
individuals younger than 80 may also be at increased
winter fracture risk. This may be due to increased exposure
to winter weather among this more robust population
group.
Table 3 Winter/summer relative fracture risks, by fracture type in subgroups of the population
Fracture site Winter-Summer RR by gender Winter-Summer RR by age Winter-Summer RR by Race
RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
Men Women Younger (65–80) Older (>80) White Individuals Black Individuals
Hip 1.15 [1.08–1.23] 1.07 [1.03–1.10]* 1.10 [1.05–1.15] 1.08 [1.04–1.12] 1.08 [1.05–1.12] 1.21 [1.03–1.42]
Distal forearm 1.51 [1.33–1.71] 1.15 [1.11–1.21]*** 1.25 [1.19–1.32]) 1.08 [1.00–1.16]** 1.20 [1.15–1.25] 1.05 [0.81–1.37]
Proximal humerus 1.23 [1.07–1.42] 1.19 [1.12–1.27] 1.28 [1.19–1.38] 1.10 [1.01–1.20]** 1.19 [1.12–1.26] 1.50 [1.02–2.20]
Ankle 1.25 [1.10–1.42] 1.21 [1.13–1. 29] 1.23 [1.15–1.31] 1.18 [1.04–1. 34] 1.22 [1.14–1.29] 1.30 [1.01–1. 68]
RRs are based on Poisson regression models. The models by gender included age and race, the models by age included gender and race, and the
model by race included gender and age. Stars indicate level of significance of difference by gender, age, and race in regard to winter-summer
relative fracture risk: *p<0.05; **p<0.01; ***p<0.001.
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Fig. 3 Association between weather and fracture risk in winter and
summer. a) Relative risks for fracture per 20 inches (50.8 centimeters)
snowfall in winter. RRs are based on Poisson regression models adjusted
for age, gender, race/ethnicity, sunny days and temperature. b) Relative
risks for fractures per 10 degrees Fahrenheit (5.6 degrees Celsius) in
winter and summer. RRs are based on Poisson regression models
adjusted for age, gender and race/ethnicity, snowfall and sunshine in
winter, and sunshine in summer. c) Relative risks for fractures per 14
sunny days in winter and summer. RRs are based on Poisson regression
models adjusted for age, gender, race/ethnicity and temperature in both
seasons, plus for snowfall in winter
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